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BXPFRIMANVAL DAFLACTION SURVHY 
OF CANTILEVER SHOTORS OF UNIFORI MOCHESS 


The purpose of this investigation was to study the deflection 
patterns of uniform thickmess 24ST alunimum alloy sectors fixed on one 
radius and subjected to transverse loads. 

This investigation consisted of obtaining deflection data in the 
form of influence coefficients for cantilever sectors of opening angles 
varying from 0 to 180 degrees. 

The deflection data is presented in a form that requires only 
a matrix multiplication to obtain the deflection pattern of eny sec- 
tor of the same material constants and dimensions as those used in 
this investigation. For sectors of different material constants 
and dimensions the deflection pattern may be obtained by internola- 
tion of the data vresented in this investigation and use of elementary 
elastic relationships. 

The comparison of the experimental and analytical solution of 
the deflection pattern of a 45 degree sector subjected to a shear 
loading and radial moments alone the curved boundary showed satisfac- 
tory agreenent. 

This investigation was carried out at tho Guecenhein Aeronautical 
Laboratory, California Institute of Technology, Pasadena, California 


(referred to hereafter as GALCIT). 


HAPARTITSAPAL DAFLUCTION SURVEY 
OF CAMPIL GVWR Bab ORS Cw TT ORY TICK SSS 


I DmRcpucryon 
The purrose of this investization was to study the deflection 
of untform thicimeess sectors fixed on one radius and sudjected to 
tranverse loadings. All specimens used in this investigation were 24ST 
alunimin alloy. The stresses due to all loadings were helow the pro- 
portional linit of tho material. 
The exnerinenteal work was divided into two phases: 
rhase 1]. Deflection surveys of a family of sectors of varying 
oconing anezles. 
All sectors were of identical thickmess and radius. 
The deflection data obtained in this phase were con- 
verted {nto influence coefficients that are presented in matrix 
form in the tebdles of this report. 
Phase 2. Neflection survey of a 45 degree sector subjected to 
a particulsr poundsry loading. 
The mirnose of this phase was to obtain results that 
could be compared with an analytical solution. (See Reference 1). 
A preliminary investigation of the effect of plate 
thickness on the deflection vattern of the specimens was inclu 
ded in this chase. 
The testing equipment vas designed and constructed by the author 
in collaboration with Joseph Garrett. Ths basic facilities of the 


GALCI? structures laboratory were used to advantage in the construction 


of the teating equirment. 

Considorable time was spent in the development of procedures 
and techniques which would permit the investigation to proceed nore 
rapidly yet yield accurate information on the deflection patterns 


of cantilever sectors. 





II HFQUIPIRNT 
Test Spec 

Phase }. The original test specimen was 19.94 inches in radius 
with an avorege thickness of 0.251 inches and an opening angle of 180 
dogrees. Test specimens with opening angles of 135, 90, 75, 60, 45, 
and 30 degrees were obtained by progressively cutting back the original 
specimen. Figure 1 shows the plan form of the original specimen and 
the extension that was used to support the specimen in the testing 
equipment. 

Two inch by 15 degree polar grids were scribed on each side of 
the original test specimen after it had been painted with a lisht coat 
of "Dykem bine". 

Phase 2. The test specimen for this phase was 25 inches in 
radius with an average thickness of 0.125. inches and an opening angle 
of 44 degrees. Radial saw cuts made between the 25 inch radius and 
a 20 inch radius gave the specimen an "effective" radius of 20 inches. 
The saw outs were made at 1 inch intervals of are along the "effective" 
cirounference. The strips formed by these saw cuts were used to apply 
radial moments along the "effective" circumference. Wigure 2 shows 
the plan form of the Phase 2 test specimen. 

Test ent 

The testing equipment was constructed using an existing heavy 
steel frame as a base. Two 2-1/2 x 4 x 3/4 inch angle sections 
approximately 43 inches long were leveled ahd secured to the exis- 


ting base frame. The upper horizontal surface of the angle irons 


=| tne 


had becn machined to vrovide a level surface for the hold-down 

plates. Two stress relieved and machined 1 = 29 z 191/2 inch 
hold=-doyvn plates were securod to the engle irons by 12 steel bolts. 
The specimen was inserted between the hold=down plates and shims 1/32 
inehn thinner than the specimon vere used to prevent excessive "bowing" 
of the hold-down plates. Since hold-down bolts could not be used near 
the line of fixity of the spscimen, three screw jacks were employed 
to increage the degree of fixity in this area. Figure 3 shows the 
arrancgenent used to secure the specimen. 

The loading arrangenent permitted the application of point 
leads from above to any point on the specimen by tho use of a loading 
pin to which weights could de attached. The point of the loading pin 
was ground to as smeali a radius as possible without its causing damage 
to the epecimen during loading. 

The movement of the loading pin to the various grid points was 
accomplished in tho following savant 

(a) The loading pin wes reised from contact with the specimen 

oy a Four foot lever azm that had a fulcrum above the sector 

center. 

(>) The lever arm wag free to rotate about the sector center 

throughout the required 180 degrees oarrying the loading pin 

with it. 

(cy) Radial motion of the loading pin wss acconplished Dy neans 

of rollers on the guiding mechanien. These rollers acted on the 


Lever arm and could bo locked at eny radial position. 


(ad) The loading pin guiding mechanism was so arranged that 
when the load was positioned on the specimen neither the 
goiding mechanism nor the lever am supported any of the load. 

For further information on the loading see the enclosed 
ficures. 

A deflection table was positioned parallel and 9-1/2 inches 
below the lower surface of the test specimen. This deflection table 
consisted of an ordinary office table that was secured to the testing 
frane by means of "c" clamps. A 30 x 60 inch smooth surface top 
was constructed from 1/4 inch masonite glued to 1 inch plywood. vWhen 
rigidly olamped to the office table this top provided a smooth, 
steady platform from which the deflections of the test specimen could 
be measured, 

A deflection gauge wos constructed by mounting a dial gauge of 1 
inch travel reading to .001 of an inch on a steel base. The main 
spring of the dial gauge was removed and a uniforn dial gauge force 
was obtained by cravity action on a horizontal 8 inch cutie bar 
supported at an off-center pivot. The overall height of the dial 
gauge was made adjustable by the addition of precision ground base 
dlocks. | 


Figure 4 illustrates the operation of the deflection gauge. 
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In order to determine the most effective exnerimental techniques 
a series of preliminary tests were conducted on a .075 inch 24ST aluni-~ 
mum apecimen of 20 inch radius. As a result of these tests it was found 
that the specimen should be gravity loaded from above and the deflections 
measured from below. 

The following general requirenents were set forth: 

(a) The magnitude of the loads mst be larze onouzh to give a 

maxirrum deflection of about 1 inch providing that vermanent "set" 

of the specimen does not occur. 

(b) Sector angles hetween 0 and 18C degrees should be investi- 

gated. 

(c) The deflection data obtained must be of such 2 nature that 

deflection patterns of the test specimen due to any transverse 

loading can be determined. 

The general requirements indicated that the sunernosition of the 
deflections due to point loads and the use of Maxwell's Reciprocal 
Theorem would give the desired general deflection information with a 
minimum amount of data required. 

The preliminary tests utilized a standard spring-loaded dial gauze. 
The results obtained did not satisfy Maxwell's Reciprocal Theorem. The 
following were considered as possible causes for the discrepancy. 

(a) The fixity of the specimen in the testing oquipnent. 

(b) Linear variation in the deflection gauge force on the speci- 


men because of the main spring of the dial gauge. 











By replacing the main spring of the dial gauge with a lever system 
that produced a uniforn deflection gauge force throughout its rane of 
travel, the results satisfied Haxwell's Reciprocal Thoeoren. 

It was found thet the most accurate results were obtained by leaving 
the deflection gauge under a given point while the load was moved from 
point to voint. This procedure made it possible to check the "tare" 
reading each time the load was moved, and therefore read the deflections 


directly. 





The 180 degree sector was the initial test specimen. The enpocinen 
was socured in the testing equipment and random deflection readings were 
taicon to insures thet the deta would satisfy Maxwell's Recinrocal Theoren. 
Fifty-three grid stations were selected as test points. The deflection 

gouge wes placed under a tost point and the dial indicator set dn sero 
with no lond applied. Weichts had been attached to the Ioading pin until 
the total weight of the loading pins and weights was 50 pounds. The 50 
pound load was moved to all tes$ points. Deflection readiness were milti- 
plied by 20 and recorded on the. data sheets. The minders recorded there- 
fore represented inches deflection por 1000 pounds. These recorded mimbers 
are hereseftor referred to as influonce coefficients and desienetod "Gs ,° 


Haxyvoll's Reciprocal Theoren states that @ 1s equal to ge This 


4 i 
means that the deflection at ea point "1" due to aie ata os "4" ds 
equal to the deflection at point "Jj" due to the same load at "1". Applying 
this principle to the problem at hand permite a point to be disregarded 
as @ loading point once the deflection gauge has been nositioned under it 
and all deflection data recorded. | 

The deflection data obtained are presented as matrices of Influence 
Coefficients in Tables 1 through 7. 

Contour lines drawn on the data sheets provided a rough check on the 
deflection data. | | 

After a complete check of the deflection data for the 180 degree 


sector, the svecimen was removed, cut back to 135 degrees, and the above 


testing procedure was repeated. 











Similer experimental procedure was followed in the deflection 
surveys on the 90, 75. &, '45, and 30 degree sectors. The test points 
used for each specimen are indicated in Tables 1 through 7. 

Ehase 2. 

The method of measuring deflections in this phase was the sane a 
Phase 1, 

The specimen was loaded with a specific distributed boundary loading 
of -49.9 inch pounds radial moment per inch and -10.4 pounds shear per 
inch along the “effective circumference", This was accomplished by placing 
a 10.4% pound load 4.8 inches from the root of each of the radial strips. 

Influence coefficients for shear alone were obtained by placing a 10 
pound concentrated load at the root of each radial strip. 

The influence coefficients for the radial moment alone were calcu- 
lated from the data by the method shown in the Appendix to this report. 
Tables 8a and 8b give the influence coefficients for this phase. 

A preliminary investigation of the relative stiffness of the 1/4 
and 1/8 inch plates used in the two phases was made by comparing the ele- 
mente of corresponding matrices of influence coefficients for 5 points on 
the free boundary. Table 9 shows a comparison of the stiffness of the two 


plates e 
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¥Y CASE OF DISTRIBUTED LOADING 

The deflection pattern of a cilreular sector due to a distributed 
loading can be computed by using the influenco coefficients presented in 
this investigation if an area coefficient is associated with each of the 
loading points indicated in the matrices of influence coefficients. 


The area coefficients mast satisfy the following requirements! 


~ 


(1) P “ & sd, Where nas" ie the intensity of the 
diatributed loading at the lead point 
nj", and "a," is the aren coefficient 
for the point "4", 


n 
(2) Wy = oe a(rs®)e, 


; Where q(r,6) is determined from (1). 
jal J 


n 
3 2, P sey j For all deflection points *i* 


As indicated by the symmetrical matrices in Tables 1 through 7, 
there are the same mumber of deflection points, "1", as there are loading 
points, "Jj". 

To meet the above requirements the area, “a 4" depends on: The 
relative geonetric position of the load point "j" to the other load points 
and the plate boundaries, the load distribution as defined by q(r,@), and 
the deflection mode near the deflection point "i". This means that "a," 
cannot be uniquely defined for all values of load distribution and still 
satisfy the above requirements, but for a limited clase of load distritbu~ 
tions a unique "a," can be assigned each load point that will satisfy the 


requirements to an acceptable degree of accuracy. 
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The load distribution hes smell variations over area ~ and as 


a first approximation a linear veriation of influence coefficients was 


11860, 


The non symmetrical distrivation of load points in Phase 1] of this 


oxneriment made it impossiblo to establish a general equation for the 


determination of all area coefficients. 


The following ig an exmnyle of 


the nethod used to assign values of “ye to each load point: 


4 ae (a) Cc 
ee A ' tn 
on ee 
y Sy Hof ) 


Sh hw 
A, me © AS 


mb 


7 AT hi 7 PTE SAAT ETS © 


o = Load points 


1 
The aroa A, is bounded by or 
contains the load points a, 0) &, 


£, k, ande. ‘he area an was 


distributed to these load points in 
the following manner: 
( 


(1) 


to a, w fe and ff, 


to Sy 


ad ig 


0 (1) to k. 


The assignment of a zero value of area to "k" was made because of its lack 


of synnetry in the pattern of the points. This does not elininate voint 


"x" as a deflection point. 


The assignment of the value iv) is justified by examining the load 
2 


point "g" which would bo assigned one eighth of the value of each of the 


adjacent areas. The tyvical area coefficients are: 


a 1. Dee 


wt 


& of & Gap zw Ay a.@aA 

."t : = rT 

“~~ = © Eo Se ee: & 
ty ty 8 


Yor the area c, h,i,c! where c! ig not a loading point, thse area 
”? ig first distributed equally to the /! corner points, and then the 
area an is redistribatod to point “c" and the point "o" dnversely as the 
distance to those points. 


The deflection of any point becomes: 
% ~ ; i . e060 ' 1 a eee 
"4 " ee aM sn a *y yh sy t B etcF1e T Met darGg er | 

ce i Od Bag 


Where the last tern venishes sincs Eso = © 
Let Wy = Bl edelsg § ByrAgtEygr X My 


If bs 3 varies linearly and 4,1 = 4, 2 4 


Then wy = a! 4.6, + Pot tere B46 F Beh 


@ i. 2 > m) 
aw Bet) 4e6t¢ * B6%o6y 9 


And a. | a1 28, where the area as would be the area coefficient 
3 


of the point c if c! were a load point. 
| This justifies the method of assigning values of area assumed by 
non~load points to other load points inversely as the distance to those 
points. 
The valuos of the area coofficiente assigned to each load point of 


the sectors investigated are tatlated in Tables 10 and 11. The areca 
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coefficients are for a sector of 20 inch radius and a miltiplication by 

r @ D0 is required to make them applicable te sectore of other radii. 
fables 10 and 11 give the area coefficients in column matrix form, and for 
convenience of notation the column matriz 19 designated [A|. where < 

is the sector angle of tho test specimen. The arrengement of the coluan 
matrix corresponds with the order of the associated fLaflucnce coefficient 


matrix, 


af ee 


VI BESULTS AND DISCUSSION 
Phase fj. 

The results of this wvhase of the investication are tabulated in the 
matrices of influence coefficients in Tables 1 through 7, and in the 
natrices of area coefficients in Tebdles 10 end 11. These results as 
vresented aonly only to cantilever sectors of 2! ST alunimo alloy, 20 
inches in radius and if!) inch thick. The losdings mst sive rise to 
stresses within the vroportional limit of the material. ‘The deflection 
pattern of any sector with the above dimensions can be determined dy 
proper use of the influence and area coefficients. The method of applying 
this data to specimens with different radius, thickness, or material con- 
stants will be described later. 

The deflection produced by a concentrated load "P" at any loading 
point "j" 4s eiven by 


we 2 Pe, x 4107? (1) 


“he possibio sources of error in the tamlated influcnes soeffi- 
cients are: 

(1) Method used in measuring deflections. 

(2) Degree of fixity at the "ouilt in" radius. 

(3) Method of loading tho tost srecinen. 

(4) Imperfections in the test specinen. 

The only method of checking the percent of crror induced by the method 
of experinentation was to take repeated test readings on various points 


and apply Haxwell's Reciprocal Theorem to tho resulting data. The error 
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dus to the methods of loading and measuring deflections was estinated 
to be | .54 or : .02. It was beyond the scope of this investiga- 
tion to evaluate the error induced by the degree of fixity and possi-~ 
ble imperfections in the naterial, but it is believed to be of the 
game nagnitude as the error due to experinentation. 

The deflection at grid points due to concentrated loads at points 
other than loadine points would require interpolation. Tho accuracy 
of the resulting deflection data would depend on the accuracy of tha 
interpolation. Graphical interpolation would be e desirable nethod 
of obtaining vnines of deflection at points other than the deflection 
points used in this investigation. 

Yor a contimious shear loading alone the curved boundary, the 


deflection at any point is given dy: 


Me = 46 Ms) S4(s) 4) 


The following discussion gives the method of determining the 
deflection pattern dne to a distributed load of intensity "a5" at 
the grid point "5". 

The deflection is given by: 


Wy 2 ot VsAsBey x 107? (3) 
je 


“li 


The equation in matrix form is: 


[ G Q| = \ 979 
[ oJ |a}_ \_ x4 (1) 
Where 
( ¢ { is the square matrix of influence coefficients 
la is the column matrix of area coefficients 
\. 
[v| 48 the column matrix of the elements "w," of the 
deflection 
} o~ is the sector angle. 


For sectors of thickness, radii, or material constanta different 
from those used in this investigation, the deflections can be ob= 


tained by the use of elasticity relationships. Those relationships 


are outlined in the appendiz te this report (see Reference 2). 


Phase 2. 


The resulte of this phase are tabulated in Tables 8a and 8b. 
The influence coefficient for the shear loading ia designated by 
v4 3° This corresponds to the deflection in inches at "4" due to 1000 


pounds of shear per inch acting over 1 inch of are at "j", The influence 


coefficient for the radial moment is designated .¢; 3° T2.9 corresponds 
to the deflection at "1" due to a 1000 inch pound moment ecting over 1 
inch of are at "j". The influence coefficient for the concontrated load 
is designated .g, 3° This corresnonds to the deflection et "i" due ito 
@ 1000 vound concentrated load at "Jj". 

By supervosition of deflections, the deflection pattern of the 
sector can be obtained by? 


¢ 


“393 #15 f 71V 46 fue? Ms m@ig ¢ s7UN 6 Bi16 +: Ber] * x10 (5) 


The influence coefficients in Tables Ga and 8b are applicable to 44 
degree sectors with the following properties: 

(a) 2487 alunimin alloy 

(>) Radtus of 20 inches 

(c) 1/8 inch thick. 

For 45 degrea sectors with different properties from the above, 
the deflection can.be obtained dy using elasticity relationships for 
thin plates (see appendix). 

The deflections at 6 points on the free boundary were computed for 
three specific boundary loadings. These boundary loadings are shown in 
Figures 6, 7, and & The deflections were calculated by using equation (5). 


These deflections are compared with an analytical solution obtained by 


Hr. Me Le. Willdams (ef Ref 1). 
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s0r @ conparison of thc derleetions of the analytical and experinentel 
solutions sco Myures 3, 10, and lil. the followin: observations are nudes 

Ll. he mectimun deflections are of preater neenitude in the ame 

lytical solution Vor ull three loading con li tions. 

ce the deflections oF tote solutions are of the same order of 

nagpmitude. 

3. Tne deflection nodes are vory similar which indlestes that the 

stresses should be in sood agreonmant. 

A preliminary investigation was made of the effect of the thiekness 
of sector plates on their stiffness. A comparison of the influence co= 
efficients of the corresponding sectors in Phase 1 and Phase 2 is shown 
in Table 9, The radial etrips on the Phase 2 sector were removed for this 
investigation. “lasticity relations show that the deflections of viates 
of different thicimess vary inversely as the plate stiffness. If the 
viates have the same material constants, the deflections will vary inversely 
as the thickness cubed, (t-). Tho ratio of the enalytienl deflection 


of the .125 inch vlate to the .251 inch plate is: 


‘Deflection of 12% nlete ‘ D(,253) 
Deflection of .251 vilete p(.125) 


-— > 
Where D Oey 
12(1-7~ 


ae ead” > Be = 8.12 

D(.125) t(.125) | 25 

For the 5 points investizeted, the experimental] defloction ratio gives 

an average value of 7.30. 
fhe poasible causes of this variation are: 
1, The material constants of two sectors may have boon different. 
2. The 1/8 inch sector may have permitted a higher dogree of fixity 


at the "built in” radius. 


oe fy) Low ne conclusions are obtained from this investiscation: 

| 6(The USE OF influence coofficients ic a very satisfactory method 
of o>btninins gonera dabvectiion inicyvmation for centilever scctors. 
2e Gormarison of the defloctions obtained by experimental invoesti- 
sotion with the deflections obtained by annlytiecel investigetion 


tmdiceted Set the @mrerirent:1 deflections were less than th 


apalytleal desicetions. 


byd4 


Be 


ad 


‘arther dotlection imvostigetions should ve perfonmaed to ovtain 
more conclusive results on the effect of rlete thiclmess on the 


defiection mattern. 


woe 





l. Various sectors should be equipped with strain geuges to 
determine the stresses in tho specimen due to specific loading 
patterns. These stranses should be cormared with strecses cal- 
culated from the exmerinental and theeritical deflection data 
obtained in vrevious investigations. 

>. an extensive investiection should be made of the effect of 


| plate thickness on otiffness. 
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18012 een eenareon s4.— 49 - 0} -17 —-.399 -.65 -.80 .00 -.22 -.53 -.85 .?2 ~.09 Se8 89 5306 50) 39 18 B83 1640 «1635 «(1.38 81.33 1.57 2.76 2.86 3.00 2.74 3.74 4.53 4.92 1.22 2.81 4.30 5.64 6.88 2.26 4.29 6.17. 7.86 &.68 6.00 
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18 “W200 .17 0.2200 14 677 93 9M 72 61,400 «21294 «862,370 2.58 «64.74 «02.86 «63.67 4.85 3.28 4.98 || 6 6B 7.47 12 3.05 5.22 7.61 10.09 2.24 4.64 7.42 10.38 
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OEG. IN. 15/6 15/10 15/14 15/20 90/12 30/16 30/20 45/6 45/10 45/14 45/1€ 45/20 60/8 60/12 60/16 80. 20 75/10 75/14 ‘ 75/18 75/20 90/4 90/8 90/12 90/16 90/2 105/6 105/ 10,105/ 14105/ 18,105/ 2 120/8,120/12$20/ 16,120/20,135/4 135/6 135/8 135/10,)95/121.35/ 14,535/ 161 35/181 35/ 20 
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5 = 45° /12"| 4 = 450/16") 4 45° / 298! 
5 5 | vey Pay vig ometg | wag | 
1.0 2 | dageo -% 94.20 -1.29 | 38.80 -2.% : 
1.0 8!10,05 -.38 22.10 -1.17 | 29.65 -2.08 
1.0 @h 820 -.28 19.90 -1.06 | 26.75 -1.88 
1.0 41] 8.60 -.22 17.40 - .94 | gh.) aay | 
1.0 8 | “ee -.9 15.36 - 260 | 20.60 -1.68 | 
1.0 St E28) -. 13.10 - ,63 | 27.98  -lae | 
1.0 @| Bite  -.67 10.90 - .48 | 14.85 =-.98 | 
1.0 @ | #10 -2e2 6.95 - .ger | 12.30 —- WG | 
1.0 8 | @.nee +00 7.00 -.24 | 9.60 - .&% 
1.0 10! 2.30 +.07 6.20 - .12 7.22 = 35 | 
1.0 11 | 1.60 +.10 3.65 + .01 6.48 - AB 
Wo 12| 1980 +.22 2.40 + .08 3.40 - .02 
1.0 13 .60 +,10 1.80: ¥ .12 2,05 + .08 
1.0 14 15 = +09 42 & Ba 90 +.il 
1.0 15 Ol  +.06 le 6+ 0 629 = + ~.10 
0.7 16 00 +,.02 00 + .05 Ol + .05 | 
e813 = 12.57 c€1j = 25.15 06145 = 33.55 
j= 45° / 20" : 





fable 8a 


Influence Coefficients 
voij =(Inches Deflection/Pound | 10° 
nP4 4 =| Inches Deflection/Inch Pound | 10° 


of 3 =(Inches Deflection/Found | 10° 


Sector Angle = 45°, += 1/6 Inches, Radius = 20 Inches 


Material—--24 ST Aluminum Alloy 


15 15 


+ 7M (46) m®4 (16) + oe | 10° 





—— 


SSO 





i = 45°/20" i = 30°/20# 
. : v's m4 j v3 
1.0] 1] 40.25 -3.92 | 35.00 
1.0! 2| 36.70 +-3.48 | 32.70 
1.0/ 3{ 33.05 +-3.02 | 30,10 
1.0; 4] 29.37 -2,.58 | 27,25 -2.62 
1.01 6; 25.70 2,14 | 34.20 ~2.23 
1.0} 6{ 22.05 1.76 | 21.10 -1.87 
1.0; ¥| 18.60 -1,40 } 18.00 -1,54 
0) 8 | 15.35 +1,07 14.95 ~1.22 
1.0), 9| 22.06 —.78 | 11.90 - .92 
1.0°10! 9.00 -.51 ; 9,00 = 
1.0 11! 6.42 - .28 | 6.50 ~ 
10f 12: 498) - .10 4.50 + 
| 10:18; 3.50 +,04 | 2.90 + 
73.0, 38; Jee & 2 fee +: 
t gO 5 | © + 212 | 038 + 
| 0.7 | 16, oO OSHC “ 
Pe ee BA es 
” Bij = 42.05 845 = 35,88 084 5 = 23.15 


j= 45° / 20 j= 45° / 20" 


Table 8b 
Influence Coefficients 
yes j =| Inches Neflection/Found | 10° 
ns 4 =| Inches Deflection/Inch Pound | 10° 


of 5 =(Inches Deflection/Pound | 10° 


Sector Angle = 45°/20*, = 1/8 Inches, Rading = 20 Inches 


Ay [2 vay t 2 'Vir6) ws(r6) * x Megym@yy FT" 


3 


—J|- 


Load 
at 


45°/16" 45°/18" 46°/20" 30/20" = 15° /208 


— 


459/16" 7,30 | | eh 








Meter 45° /18" 7.34 7.35 
at ; a oe oi 
45° /208 . 97,26 7.30 7.39 
30° /20" 7.23 7.84 7.29 | 7.31 
15° /208 7.29 7.32 7.16 | 7.19 7.26 
eee 
* Cc efficie 1 © 


Influence Coefficient e251 ineh Sector 


TABLE 9 
Effect of Thickness 


on Stiffness 








Deg. /In. Ay 35° Deg. /In. A 99 
| 15/6 6.5850 15/6 5.5860 
! 15/10 10.4720 15/10 10.4720 
15/14 14, 6608 15/14 14,6608 
15/20 0.0000 | 18/20 0.0000 
30/12 19.7804 30/12 19.7804 
30/16 21.4672 30/16 21.4672 
30/20 14.1368 30/20 14.1368 
45/6 6.5860 45/6 5.5850 
45/10 10.4720 45/10 10,4720 45/10 10.4720 
45/14 14,6608 45/14 14,6608 45/14 14,6608 
45/18 18,8491 45/18 18,8491 45/18 18.8491 
45/20 0.0000 45/20 0.0000 45/20 0.0600 
60/8 13.0550 60/8 13.0550 60/8 13.0550 
60/12 12.5664 60/12 12.5664 60/12 12.5664 
60/16 16.7550 60/16 16.7550 60/16 16.7550 
60/20 9.4246 60/20 9.4246 60/20 9, 4246 
75/10 10.4720 76/10 10.4720 75/10 10,4720 
75/14 14.6608 76/14 14.6608 76/14 14,6608 
75/18 18.8491 75/18 18.8491 75/18 18,8491 
75/20 0.0000 75/20 0.0000 75{20 0.0000 
90/4 5.4454 90/4 5.4454 90/4 3.3510 
90/8 10,6814 90/8 10.6814 90/6 0.0000 
90/12 12.5664 90/12 12.5664 90/8 5.9690 
90/16 16.7550 90/16 16,7560 90/10 0.0000 
90/20 9.4246 90/20 9,4246 90/12 6.2832 
105/6 6.2832 105/6 6.2832 90/14 0.0000 
105/10 10.4720 105/10 10.4720 90/16 8.3776 
105/14 14. 6608 105/14 14.6608 | 90/18 0.0000 
105/18 18.8491 105/18 18,8491 90/20 4.1723 
120/8 13.4041 1206/8 10.8509 
120/12 12.5664 120/12 12.6664 [| 
120/16 16, 7550 120/16 16, 7550 
120/20 9.4246 120/20 9.4246 
135/8 10.4720 135/4 1.6755 
135/12 14,6608 135/6 0.0000 
135/16 18.849. 135/8 4,2935 | 
135/20 0.0000 | 136/10 0.0000 | 
150/4 5.4454 (| 135/12 6.2832 
150/8 10.6814 | 135/14 0.0000 
150/12 12.5664 | 135/16 - 8.3775 
150/16 16.7550 135/18 0.0000 
150/20 9.4246 135/20 4.7123 
165/6 6.2832 
165/10 10.4720 TABLE 10 
165/14 14.6608 
165/18 18,8491 COLUMN MATRICRS OF AREA COEFFICIENTS* 
165/20 0.0000 FOR 
180/12 10.1230 SECTORS OF 20 INCH RADIUS 
180/14 0.0000 
180/16 8.3776 *IncHEs© / POINT 
180/18 0.0000 
180/20 4.7123 











os _ 


Deg. In. Agno | Deg. In. Aygo 






15 6 5.5850 7.5 20 1.9897 
15. 10 10,4720 15 6 8.1214 
16 14 14,6608 15 10 10,2427 


20 0.0000 15 14 10.4720 
12 19.7804 15 16 8.3776 
16 = 21.4672 15 18 8.4300 
20 8 =6914.1368 15 20 3.9794 
6 5.5850 | 22.5 20 1.9897 
10 3 §=10.4720 30 8 7.3596 
14 14.6608 
18 18.8491 
0, 0000 
& 0.0000 


6 0.0000 
8 5.4105 
10 0.0000 
12 6.2832 
14 0.0000 
16 8.3775 | 
18 0.0000 
20 4.7123 


SSSSSSSSSESGEESSSS 
3 


75 14 0.9000 
75 16 8.3775 





TABLE 11 
Colum Matrices of Area Goefficients® 
for 
Sectors of 20 Inch Radius 


®Inches” / Point 
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APFENDIZX 


SACLE CALCULATIONS 


ge 


influence Coefficients 


1. Concontrated load, 





“% ¢ Nefleetion in inches at "4", 
r. = Concentrated load in pounds at "Jj". 
a = Influence coefficient, inches/1000 pounds. 
~ | Inches deflection at "i" ner vound at "3° | x 107. 
“iy F Pysyy * IC™ a 
By s = 20 M4 (Phase 1) 1.2 
Bs = 100 Wis (Phase 2) 1.3 


2. Shear loading along curved boundary. 


“ 2 Deflection in inches at "4", 
v, 2 Shear in pounds/inch near "j", 
44 > Influence coefficient in inches/1000 pounds. 


Inches deflection at "i" per vound near "Jj" | x 10°. 


8 = Boundary length of element neer "3", 


73 
Por V, = 10 pounds /inch 
$ = 1 inch 
2 


Zz 
Or v4 3 = M%; x 10 
It can be seon that the influence coefficient is indepondent 


of s, so the strip mmber 16 is covered by (2.2). S271 


inches for strip 16 /. 





iy sunernosition of deflections 
15 


va; 9 ij 


. ¥, iy & WO? + 71 Vig wig x > 
3. Radial nonents clon; curved houndsries. 

W, = Deflection in inches at "i", 
it s Radial nonent in inoh vounds/inch near °3", 


= 46.9 ineh wounds/inch. (Phase 2) 


Influence coefficient in inches deflection per 1000 


inch pounds. 
= { tnches deflection at "i" per pound near "j" | x 10°. 
$ = Boundary length of element near 'j", 
For a 10.4 round load 4.8 inches fron the root of the radial 
strips the deflection is determined froms 
“5 3 a(V, fiyt ™ n@as) x 107 301 
For the strip with a .71 inch root 


bis 3 
wy 2 -71( Met lay yt “ad. nfs) x 10 
From the above equation 


ny = ae ee 
9 


The following is a discussion of the probiem of determining the 


Lo 
° 
> 


deflection pattern of sectors with radii, thiclmess, and material constants 
different from those of the sectors used in this invostigstion. 

The loading and deflection points on the new sector are located in 
the same geometric position as they are on the sector used in this inves~ 
tigation. The grid on the new sector will be 15 degrees by . . Where 


"Eo" is the radius of the sector and "r" is the radius of the loading 


or defl.cction polnt. Yhe velue of *, for the new sector 4s equal to é 
for the corresronding sector in this investiestion. 

the deflection cf a sector varies invorsely as the vlete stiffness 
(D) and directly as some rower of the radius. 

The use of dimensional analysis will give the ratio of the loadings 
and the radius necessary to use with the deflection data presented and 
produce accurate results. 

Hlasticity relationships may be used with the data presented in this 
investisation to aonroximate deficetion vettorns of sectors with radii, 
thicimess, and material constants different from the sectors surveyed in 
this investigation if the deflection made is expressed as a finction of 
the radius. 

The defloctton mode for loading conditions used in this investi-~ 
gation can ve obtained from the data presented in the tables. Using 
this deflection mode an expression of tho deficction in terms of the 


= 


radius can bo cbtuined. The doflection of the new sector becomes? 


\ 


f we de rr n > 
W. 2 Vv f- (20 ) D = Bt 
Dt *o 12(1-V2) 


The accuracy of the deflection (w') depends on how closely the 
defloction modo of the sector used in this investigation can be approximated. 

it is left to the reader to deternine and develop tho method used in 
the defiection survey of any sector of different radius, thickness, and | 


material constants from those of the sectors in this investigation. 
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